differences in the level of susceptibility have been identified in diverse germplasm (Leclerq, 1973). The degree Sclerotinia head rot, caused by Sclerotinia sclerotiorum (Lib.) de of infection is affected by the presence of sclerotia in Bary, is a major disease in sunflower (Helianthus annuus L.). The development of hybrids with adequate genetic resistance is necessary the soil and weather conditions; for that reason, field to reduce yield losses caused by this disease. The objective of this testing under natural infection generally shows variable study was to estimate the general (GCA) and specific (SCA) combinresults. Breeders cannot rely only on observations under ing ability of a set of female and male oilseed sunflower inbred lines natural attack for selection of resistant plants across in hybrid combinations for resistance to Sclerotinia head rot. Six generations. Inoculation techniques that simulate the female and six male lines were crossed in a factorial mating design. conditions of natural infection are needed to screen for The hybrids were planted in three U.S. environments and in Argenresistance. Ascospore and mycelium tests have been tina. Plants were inoculated with a suspension containing 5000 ascodemonstrated to be useful for detecting differences spores per milliliter. Sclerotinia head rot disease incidence was meaamong sunflower genotypes for resistance to Sclerotinia sured as percentage of plants attacked on a plot basis. The GCA sclerotiorum attacks on the head (Tourvieille and Vear, effects accounted for a greater proportion of the treatment sum of squares than the SCA effects, suggesting that additive gene effects 1984; Vear and Guillaumin, 1977). were relatively more important than nonadditive gene effects in the Genotypes differed in their behavior during each phenotypic expression of resistance to Sclerotinia head rot. The imporphase of the infection process and had independent tance of additive gene effects suggests that selection could start at reactions according to the plant part attacked (Thuault the inbred line development stage. However, hybrids should also be and Tourvieille, 1988). Resistance to stem wilt was not tested since nonadditive gene effects were significant in the individual with the ith female line and the jth male line, averaged across Error 209 187 replicates and environments; and Y.. is the overall mean. Standard errors for the GCA effects of female and male * Significant at P Ͻ 0.05. ** Significant at P Ͻ 0.01. lines and standard errors for the SCA effects of the crosses F ϫ M 25 420 1.80* flower inbred lines that could be used in a breeding Error 70 233 program to develop hybrids with reasonably high levels * Significant at P Ͻ 0.05. ** Significant at P Ͻ 0.01.
necessarily correlated with resistance to head rot, sugenvironments and certain hybrid combinations showed higher or lower gesting that different genetic factors were involved disease incidence than would be expected based on the average perfor- (Gulya et al., 1997) . According to Mestries et al. (1996) , mance of their parents. each form of attack should be considered a different disease and breeding should be simultaneous to obtain cultivars or hybrids with a good level of overall re-S clerotinia sclerotiorum is one of the most imporsistance. tant pathogens of sunflower and is encountered in There are two types of resistance to Sclerotinia head all sunflower-growing regions of the world (Gulya et rot in sunflower (Castañ o et al., 1993 (Castañ o et al., ) which correspond al., 1997 . It is a facultative parasite and has a vast host to the two phases of infection: resistance to penetration range, including more than 400 species. The fungus can of the fungus into the plant and resistance to extension attack several plant parts and causes two major diseases, of the mycelia in the parenchymal tissue. Resistance to stalk rot or wilt and head rot. Sclerotinia head rot is Sclerotinia sclerotiorum attacks in the head was polyconsidered a major disease in Europe, Argentina, and genic, with additive effects being relatively more importhe USA. tant than dominant effects (Godoy et al., 2000 ; Robert The initial symptom of Sclerotinia head rot is the apet al., 1987; Vear and Guillaumin, 1977;  Vear and Tourpearance of white mycelia covering the developing seed.
vieille, 1988). The resistance of the inbred lines per se Under favorable conditions, the mycelia extend to the measured by artificial infections usually provided a good dorsal surface of the head and tan water-soaked lesions estimation of the resistance shown by their hybrids appear. The fungus rots the interior of the capitulum, (Robert et al., 1987; Vear and Tourvieille, 1988) . leaving only the vascular elements after a severe attack.
The amount of variation in the germplasm due to Severe attacks can cause losses up to 100% (Sackston, genetic differences and the importance of each type of 1992). gene action involved in the expression of the resistance There are no effective chemical controls available to are of special interest for the breeder to select the best apply on a large scale (Pé res and Regnault, 1985) . Thus, strategy for developing resistant cultivars or hybrids. the development of hybrids with adequate genetic re-
The objective of this study was to estimate the GCA sistance is necessary. Although complete resistance in and SCA of a set of female and male oilseed sunflower cultivated sunflower has not been reported, significant inbred lines in hybrid combinations for resistance to Sclerotinia head rot. were calculated by the method described by Cox and Frey (1984) . Two-tailed t tests were performed to test the signifi-(PI 603993), HA 821 (PI 599984), and HA 441 (released by USDA-ARS, 4 April 2003, registration pending); the male cance of GCA and SCA effects, where t ϭ GCA/SE GCA or SCA/SE SCA , respectively. parents were RHA 274 (PI 599759), RHA 373 (PI 560141), RHA 377 (PI 560145), RHA 409 (PI 603990), RHA 801 (PI 599768), and PSC8. All lines were USDA-ARS germplasm
RESULTS AND DISCUSSION
releases except PSC8, which was obtained from the Station d'Amelioration des Plantes, INRA, Clermont-Ferrand, France.
The error variances of the four environments for Scle-These genotypes were selected based on their variability in rotinia head rot disease incidence were not homogereaction to natural infection of Sclerotinia head rot in previous neous. However, the error variances of the three U.S. breeding nurseries in North Dakota. The hybrid HA 89 ϫ environments were homogeneous; thus, the U.S. envi-RHA 274 is known as '894' and served as a long-term check.
ronments were combined and the experiment in Argen-
The experimental design was a randomized complete block tina was analyzed separately. was 0.65 and the 2 approximation was 67.83, indicating Ten heads per plot were inoculated with a suspension containing 5000 ascospores per milliliter of distilled water. The that the treatment ϫ environment interaction was due concentration of ascospores was measured with a hemocytommainly to changes in magnitude and not to rank order eter. A total of 5 mL was applied to each head. The heads changes. Therefore, the combined analysis will be diswere sprayed at the beginning of flowering, stage R5.1 cussed. (Schneiter and Miller, 1981) ; and all heads within each plot
The GCA effects of both female and male lines were were inoculated on the same day. In Fargo, inoculated heads significant ( Table 1 ). The SCA effects were not signifiwere covered with brown paper bags immediately after being cant (P ϭ 0.08). The GCA effects of the female and sprayed. In Carrington and Argentina, mist irrigation commale lines accounted for 66% of the treatment sum menced after inoculation. Infection was measured on inocuof squares, suggesting that additive gene effects were lated heads 35 d after inoculation. The variable analyzed was relatively more important than nonadditive gene effects disease incidence, measured as percentage of plants attacked on a plot basis.
in the phenotypic expression of disease incidence.
The treatment sum of squares was partitioned into the varia-
The GCA effects of the female lines were nominally tion due to females (i ), males (j ), and the female ϫ male greater than the GCA effects of the male lines (Table 1) (Steel et al., 1997) . The female and male lines GCA values indicated greater susceptibility.
were considered fixed effects whereas environment was considered a random effect. Missing plots were estimated by using The Sclerotinia head rot disease incidence of the hythe method proposed by Yates (Cochran and Cox, 1957). brids ranged from 2 to 53% ( Table 2 ). The hybrid HA Kendall's coefficient of concordance (Daniel, 1990 ) was calcu-441 ϫ PSC8 had the lowest disease incidence. Although lated to determine if the treatment ϫ environment interaction the SCA effects were not significant in the combined was mainly due to changes in magnitude or to rank order changes. analysis, they were significant in the three environments The GCA effect for each female and male line and the SCA effect for each cross were calculated as follows: when analyzed individually and certain hybrid combina-brids ranged from 39 to 100% (Table 4 ). The hybrid HA 441 ϫ PSC8 had the lowest disease incidence. Six tions showed higher or lower disease incidence than would be expected on the basis of the average performance of crosses had significant SCA effects. The crosses HA 441 ϫ RHA 373, HA 412 ϫ RHA 801, and HA 441 ϫ their parents.
ronments.

Source of variation
df Mean square F value G j ϭ Y .j Ϫ Y ..
Environment
PSC8 had significant, negative SCA effects, indicating that their disease incidence was lower than would be
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expected based on the average performance of their The disease incidence experimental mean of plants parents in hybrids. Conversely, the crosses HA 412 ϫ infected with Sclerotinia sclerotiorum after inoculation RHA 373, HA 821 ϫ PSC8, and HA 441 ϫ RHA 801 was 82%, and the coefficient of determination was 0.67. had significant, positive SCA effects, indicating that their The disease incidence was considerably higher than in disease incidence was higher than would be expected the U.S. environments because of more humid condibased on the average performance of their parents in tions during and after flowering.
hybrids. The GCA effects of both female and male lines, as well as the SCA effects, were significant (Table 3 ). The
Conclusions
GCA effects of the female and male lines accounted for 67% of the treatment sum of squares, suggesting
The GCA effects accounted for a greater proportion that additive gene effects were relatively more imporof the treatment sum of squares for disease incidence tant than nonadditive gene effects in the phenotypic than the SCA effects, suggesting that additive gene efexpression of disease incidence. fects were relatively more important than nonadditive The GCA effects of the female lines were nominally gene effects in the phenotypic expression of resistance greater than the GCA effects of the male lines (Table 3) , to Sclerotinia head rot. These results agreed with those but it is difficult to determine to what extent this differobtained by Robert et al. (1987) and Vear and Guillauence was genetically meaningful. The female line HA min (1977) with the mycelium test, and with those ob-412 and the male line PSC8 had the largest negative tained by Godoy et al. (2000) and Vear and Tourvieille GCA effects among the female and male lines, respec-(1988) with the ascospore test. Nevertheless, since the tively (Table 4 ). The female line HA 441 and the male genotypes were considered fixed effects, the conclusions line RHA 377 also had significant, negative GCA efof this study cannot be extrapolated to other sets of fects. The female line HA 372 and the male lines RHA lines or hybrids. The importance of the GCA effects 409, RHA 274, and RHA 373 had significant, positive suggests that selection could start at the inbred line GCA effects. development stage. However, hybrids should also be The Sclerotinia head rot disease incidence of the hytested since the SCA effects were significant in the individual environments and certain hybrid combinations showed higher or lower disease incidence than would be expected based on the average performance of their This study identified female and male oilseed sun- Table 4 . Means, general combining ability (GCA) effects, and specific combining ability (SCA) effects of sunflower lines and hybrids for Sclerotinia sclerotiorum disease incidence in Junín, Argentina.
